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Summary of Completed Project

The long-range goal of this study is to understand how tectonic faulting affects the nature,
morphology, and composition of the oceanic crust. In particular we seek to determine the effects
of seafloor spreading rate and ridge-axis segmentation on the 3D characteristics of seafloor faults
and fault-generated topography. During this award period, we achieved three project objectives: 1)

bathymetric data; 2) we developed 2D and 3D fault models that determine the kernel relationship
between fault-generated topography and subsurface fault variables; and 3) we quantitatively
characterized the style of tectonic faulting in the ONR Atlantic natural laboratory using the newly
developed analytical techniques. These results are summarized below and are detailed in the
publications listed.

1) Extraction of 3D Fault Information from Multi-Beam Data

We developed a new method of identifying faults from multi-beam bathymetric data using a
curvature, rather than slope, analysis technique [Shaw, Nature, 1992; Shaw and Lin, JGR, 1993].
In this analysis, the seafloor bathymetry is first segmented into small circular patches; the curvature
of each patch is then approximated by a best-fitting quadratic surface in a linear least-square sense.
When combined with a running-window technique, this curvature method can effectively
distinguish fault scarps from slopes of constructional volcanic features.

We applied the curvature and slope methods successfully to the Sea Beam data collected along
the Mid-Atlantic Ridge axis between 23°-31°, producing fault maps for the entire area [Shaw and
Lin, JGR, 1993]. The results show that faults are more linear and more closely spaced at mid-
portion of a spreading segment. Towards segment offsets, however, the faults become oblique

segmentation and crustal thickness on styles of faulting {Sempere, Lin et al., MGR, 1993; Lin and
Bergman, JGR, submitted].

In addition to the along-axis variability, there exists additional across-axis asymmetry near
segment boundaries. Crust at "inside” corners are more elevated than "outside" corners; residual
gravity anomalies also indicate that the inside-corner crust is consistently thinner than the outside-

extension at slow-spreading ridges [Tucholke and Lin, JGR, 1994; Lin et al., Nature, in prep.].

2) Determination of Relationship between Topography and Subsurface Fault Variables

Through boundary-element numerical modeling, we determined the precise kernel functions
between surface expressions of faults, e.g., topography and gravity, and subsurface fault
variables, such as fault depth, dip-angle, and lithosphere thickness. The developed models
consider both 2D [Escartin and Lin, JGR, 1995] and 3D [Katzman, ten Brink, and Lin, JGR,
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1995; Shaw and Lin, JGR, submitted; Lin and Chen, GRL, submitted; ten Brink, Katzman, and
Lin, JGR, submitted] fault geometries. We applied the kernel techniques in studying the Sea Beam
bathymetry of the Mid-Atlantic Ridge and are successful in predicting the main characteristics of
ridge-crest morphology and residual gravity. We also studied the effects of variable lithosphere
viscosity on long-term survival of seafloor topography [Freed, Lin et al., Geology, in press].

Numerical modeling has yielded two important results: 1) Style of faulting is a strong function
of local crustal thickness and spreading rate. Small, closely-spaced faults are predicted at fast-
spreading ridges, hotspot-influenced ridges, and mid-points of long slow-spreading segments of
thick crust. In contrast, large, widely spaced faults are predicted for slow-spreading segments of
thin crust [Shaw and Lin, JGR, submitted]; 2) The gravity anomaly of individual normal faults at
the Mid-Atlantic Ridge is predicted to be less than ~20 mgal for reasonable subsurface fault
variables. Therefore although faulting is sufficient to produce the observed across-axis asymmetry
in crustal elevation and gravity near ridge-axis offsets, it alone is insufficient to explain the along-
axis "bull eyes" gravity anomalies that are as much as ~50 mgal along some segments of the Mid-
Atlantic Ridge [e.g., Lin et al., Nature, 1990; Lin and Phipps Morgan, GRL, 1992].

3) Quantification of Tectonic Faults in the ONR Atlantic Natural Laboratory

We analyzed multi-beam bathymetry, HMRI1 side-scan sonar, gravity, and magnetic data that
we collected in the ONR Atlantic natural laboratory at 25.5°-27°N. The ONR Acoustic
Reverberation corridor encompasses off-axis traces of nine spreading segments in 0-28 Ma crust,
all bounded by non-transform offsets. We identified several new tectonic features in the region,
including 1) Strong contrasts in seafloor elevation, faulting style, and crustal thickness between
off-axis continuations of inside- vs. outside-corner crust; 2) Close-contoured, "boudin-shaped”
gravity lows along off-axis continuations of segment centers, suggesting long-term (3-9 m.y.)
magmatic pulses in the Mid-Atlantic Ridge [Lin, et al., EOS, 1993, 1995; Nature, in prep.]; 3)
Strong correlations between abyssal hill morphology, e.g., RMS highs, and gravity-derived
crustal thickness [Goff et al., JGR, in press]; and 4) Fast-propagating rifts in a slow-spreading
environment [Tucholke, et al., EOS, 1995; MGR, in prep.].
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